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The invention refers to a system for cooling a process fluid
of a heat-producing apparatus, comprising: an outlet of the
heat-producing apparatus, the outlet being provided for
discharging process fluid to be cooled from the heat-pro-
ducing apparatus; an inlet of the heat-producing apparatus,
the 1nlet being provided for supplying cooled process fluid
to the heat-producing apparatus; and a thermodynamic cycle
device, 1 particular an ORC device, the thermodynamic
cycle device comprising an evaporator having an inlet for
supplying the process fluid to be cooled from the outlet of
the heat-producing apparatus and having an outlet for dis-
charging the cooled process fluid to the inlet of the heat-
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producing apparatus, the evaporator being adapted to evapo-
rate a working medium of the thermodynamic cycle device
by means of heat from the process fluid; an expansion
machine for expanding the evaporated working medium and
for producing mechanical and/or electrical energy; a con-

denser for liquelying the expanded working medium, 1n
particular an air-cooled condenser; and a pump for pumping,
the liquefied working medium to the evaporator.
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ORC DEVICE FOR COOLING A PROCESS
FLUID

FIELD OF THE INVENTION

The 1nvention refers to a system for cooling a process
fluid of a heat-producing apparatus.

STATE OF THE ART

Currently there are numerous applications in industry
(c.g. cooling of air compressors, food industry, chemical
industry), in power generation (e.g. cooling of motor cooling
water 1n stationary motors, transformers) or in trailic (inter-
nal combustion engines, e.g. trucks), where e.g. electrical (or
mechanical) energy 1s used to drive a cooler, e.g. an air
cooler. The medium to be cooled 1s usually guided nto a
heat exchanger through which ambient air flows. The air
flow 1s generated by means of electrically or mechamically
driven fans, for example. The medium to be cooled (here-
iafter referred to as process tluid) releases the energy to the
ambient air and returns to the process cooled. The disad-
vantage 1s that electrical or mechanical energy 1s used to
extract thermal energy from the process.

DESCRIPTION OF THE INVENTION

The object of the invention 1s to avoid or at least mitigate
the disadvantages mentioned.

The invention describes the solution of the above-men-
tioned problem by partially converting the heat extracted
from the medium into mechanical and/or electrical energy
by means of a thermodynamic cycle device.

The solution according to the invention 1s defined by a
device comprising the features according to claim 1.

The mvention thus discloses a system for cooling a
process tluid of a heat-producing apparatus, comprising: an
outlet of the heat-producing apparatus, the outlet being
adapted for discharging process fluid to be cooled from the
heat-producing apparatus; an inlet of the heat-producing
apparatus, the inlet being adapted for supplying cooled
process tluid to the heat-producing apparatus; and a ther-
modynamic cycle device, 1n particular an ORC device, the
thermodynamic cycle device comprising an evaporator hav-
ing an inlet for supplying the process fluid to be cooled from
the outlet of the heat-producing apparatus and having an
outlet for discharging the cooled process fluid to the inlet of
the heat-producing apparatus, wherein the evaporator i1s
adapted to evaporate a working medium of the thermody-
namic cycle apparatus by means of heat from the process
fluid; an expansion machine for expanding the evaporated
working medium and for generating mechanical and/or
clectrical energy; a condenser for liquetying the expanded
working medium, 1n particular an air-cooled condenser; and
a pump for pumping the liquefied working medium to the
evaporator. The mechanical and/or electrical energy
obtained can be used to operate the condenser, especially to
drive a fan of an air-cooled condenser.

A further development of the system according to the
invention 1s that a cooler, in particular an air cooler, may be
provided for cooling at least part of the process fluid to be
cooled. In this way, emergency operation can be guaranteed
in the event of failure of the thermodynamic cycle device.

Another further development consists in the fact that a
branch 1s provided, which, with respect to a flow direction
of the process fluid, 1s provided downstream of the outlet of
the heat-producing apparatus and upstream of the inlet of the
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heat-producing apparatus for dividing the process fluid to be
cooled 1nto a first and a second partial tlow of the process
fluid, wherein the branch optionally comprises a valve; and
a junction provided downstream of the branch and upstream
of the inlet of the heat-producing apparatus with respect to
a flow direction of the process fluid for merging the first and
second partial tlows of the process fluid.

According to this further development, the flow of the
process fluid can, for example, be divided into two partial

flows, wherein one partial flow 1s guided through the evapo-
rator and the other partial flow through the cooler. It 1s also
possible, however, not to guide the flow of the process fluid
through the evaporator and/or cooler at all or only partially,
for example 11 the cooling of the process fluid would
otherwise be too strong for the heat-producing apparatus.
For this purpose, the branch or a further branch and the
junction or a further junction may be connected via a
connecting line in such a way that the process fluid exiting
from the outlet of the heat-producing apparatus 1s at least
partially guided directly back to the inlet, whereby the mass
flow through the connecting line can be adjusted via the or
a further valve.

This can be further developed to the effect that the branch
1s provided downstream of the outlet and upstream of the
inlet, with respect to a tlow direction of the process fluid, for
dividing the process fluid to be cooled 1nto the first and the
second partial flow of the process fluid, the branch option-
ally comprising a valve. This makes 1t possible to direct all
or part of the process fluid to be cooled before the evaporator
directly to the cooler.

The junction may be provided downstream of the outlet
with respect to a flow direction of the process fluid and
upstream of the inlet for merging the second partial flow of
the process fluid cooled by the condenser and the first partial
flow of the process fluid cooled by the evaporator; wherein
the junction 1s designed for feeding the first partial flow to
the evaporator and for feeding the second partial tlow to the
condenser. Thus, with respect to the tlow of the process tluid,
a parallel connection of the components (evaporator,
cooler), which extract heat from the process flud, 1s real-
1zed.

In another further development, the cooler may be located
downstream of the outlet and upstream of the inlet with
respect to a tlow direction of the process fluid for further
cooling of the process fluid cooled by the evaporator. This
represents a series connection of the components (evapora-
tor, cooler) that extract heat from the process flwud.

According to another further development, the cooler can
form a structural unit with the condenser or be provided
separately from the condenser. If the cooler 1s designed 1n
one structural unit with the condenser, for example, a
common fan can be provided for air cooling. If the cooler 1s
designed separately from the condenser, the cooling capacity
of these components can be controlled independently.

Another further development 1s that the system may also
include a control device to control the heat mput to the
cooler, which 1n particular makes it possible to achieve a set
temperature of the process fluid returned to the inlet of the
heat-producing apparatus.

According to another further development, an intermedi-
ate circuit with a heat transfer fluid may be provided for the
thermal connection of the condenser and the cooler, wherein
the condenser 1s provided for transferring heat from the
expanded working medium to the heat transfer fluid and
wherein the cooler 1s provided for cooling the heat transter

thud.
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This can be further developed 1n such a way that usetul
heat can be dissipated from a branch of the heat transfer tluid
flowing from the condenser to the cooler to a useful heat
means.

A (chemical) composition of the heat transter fluid can be
identical to a composition of the process fluid.

The system according to the invention or one of 1ts further
developments may further comprise a further heat exchanger
which 1s provided downstream of the evaporator with
respect to a flow direction of the process tluid for transier-
ring heat from the process fluid cooled by the evaporator to
a heat transier flud.

This can be further developed to the eflect that the system
also 1ncludes a valve to control the mass flow of the heat
transier tluid through the additional heat exchanger. Thus,
process fluid precooled in the evaporator 1s guided to
another heat exchanger where 1t can be cooled to a target
temperature. A temperature measuring device may also be
provided to measure the temperature of the process fluid
downstream of the other heat exchanger, in which case the
valve can then be controlled depending on the measured
temperature.

The system according to the invention or a further devel-
opment thereol may further comprise: a further evaporator
between the outlet and the inlet for further evaporation of
working medium by means of heat from the process flud; a
throttle valve for lowering the pressure of the working
medium; and a liquid jet pump and/or a vapor jet pump
between the further evaporator and the condenser for low-
ering the pressure in the further evaporator, wherein 1n
particular a part of the liquefied working medium or a part
of the evaporated working medium serves as a driving jet.
This 1s realized by a 3-stage cooling of the process tluid,
which 1s described 1n more detail in the embodiments.

The turther developments with a cooler may be designed
so that the outlet of the evaporator 1s connected to an inlet
of the cooler, an outlet of the cooler 1s connected to an inlet
of the condenser and an outlet of the condenser 1s connected
to the inlet of the heat-producing apparatus, so that in
operation the process fluid 1s guided from the evaporator
through the cooler for further cooling, then subsequently
guided through the condenser as a heat-absorbing medium
and again subsequently guided to the inlet of the heat-
producing apparatus. The cooler 1s therefore operated inde-
pendently of the thermodynamic cycle and represents a
possibility for emergency operation of the system (in the
sense of emergency cooling of the process fluid).

The above-mentioned further developments can be used
individually or combined with each other as required.

Further features and exemplary embodiments as well as
advantages of the present invention are explained in more
detail below on the basis of the drawings. It 1s understood
that the embodiments do not exhaust the scope of the present
invention. It 1s also understood that some or all of the
features described below may be combined in other ways.

DRAWINGS

FIG. 1 shows a first embodiment (variant 1) of the device
according to the mvention.

FIG. 2 shows a second embodiment (vanant 2A) of the
device according to the mvention.

FIG. 3 shows a third embodiment (variant 2B) of the
device according to the mvention.

FIG. 4 shows a temperature-heat flow diagram (T-Q
diagram)
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FIG. 5 shows a fourth embodiment (variant 2C) of the
device according to the mvention.

FIG. 6 shows a fifth embodiment (variant 3A) of the
device according to the mvention.

FIG. 7 shows a sixth embodiment (variant 3B) of the
device according to the mvention.

FIG. 8 shows a seventh embodiment (variant 4) of the
device according to the invention.

FIG. 9 shows an eighth embodiment (variant 5) of the
device according to the invention.

FIG. 10 shows a ninth embodiment (variant 6) of the
device according to the mvention.

FIG. 11 shows a tenth embodiment (variant 7) of the
device according to the mvention.

Identical reference numerals in the drawings refer to
identical or corresponding components.

EMBODIMENTS

In numerous applications of air coolers (see section: State
of the art) a medium 1s cooled with temperatures >50° C.
This temperature level 1s suflicient to operate a thermody-
namic cycle, e.g. an Organic Rankine Cycle (ORC) process.
In addition to the cooling function, useful mechanical and/or
clectrical energy can be provided. This energy can, for
example, drive an air cooler or be used for other purposes
(operation of consumers close to the process, pumps, energy
storage systems, etc.).

The thermodynamic cycle thus replaces the air cooler
originally used for the respective application, which 1s why
in the case of an Organic Rankine Cycle process, for
example, one can speak of an ORC cooler for the applica-
tion.

Specific preferred requirements for the ORC cooler:

The cooling capacity should be guaranteed even if the
ORC circuit fails.

In some applications, no surplus electricity should be
generated because direct feed-1n may increase the tech-
nical and legal complexity disproportionately. In such
a case, therefore, no connection to the power supply
system 1s required.

It should be as maintenance-free as possible, or there
should be no increase 1n maintenance eflort compared
to conventional coolers.

If necessary, a temperature level of the main process/the
process to be cooled should be maintained, e.g. a
temperature of the returned process fluid should be
achieved or fallen below. By adding at least one more
heat exchangers, a further temperature difference
between the working medium or also the process fluid
and the cooling fluid of a cooler (e.g. ambient air or
cooling water) 1s present, so that the target temperature
of the process to be cooled cannot be maintained. The
problem of the additional temperature difference 1is
solved by the below mentioned interconnections.

A modularity of the system 1s preferred in order to be able
to provide higher cooling capacities 1f required.

There should be no impact on the existing control system
of the main process.

In general, the ORC cooler can be used for all processes
in which the fluid to be cooled can be returned to the process
with a sufliciently large temperature gap to the ambient
temperature (e.g. with a temperature above 40° C.).

Example applications for processes to be cooled (not
complete):

Engines (train, truck, construction machinery, crane,

marine)
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Alr compressors
Industrial processes (automotive, chemical, printing, elec-

trical and electronic, glass, rubber, plastic, laser, food,
pharmaceutical, textile, environment, packaging, . . . )
Transformer stations
Data center (server cooling)

Detailed Description in Connection with the
Drawings

Variant 1—Basic Interconnection

FIG. 1 shows a first embodiment 100 of the thermody-
namic cycle device according to the invention.

The system 100 for cooling a process tluid (e.g. water) of
a heat-producing apparatus 10, comprising: an outlet 11 of
the heat-producing apparatus, the outlet 11 being provided
for discharging process fluid to be cooled from the heat-
producing apparatus 10; an inlet 12 of the heat-producing
apparatus 10, the inlet 12 being provided for supplying
cooled process fluid to the heat-producing apparatus 10; and
a thermodynamic cycle device, 1n particular an ORC device,
the thermodynamic cycle device comprising an evaporator
20 having an 1nlet 21 for supplying the process fluid to be
cooled from the outlet 11 of the heat-producing apparatus 10
and having an outlet 22 for discharging the cooled process
fluid to the inlet 12 of the heat-producing apparatus 10,
wherein the evaporator 20 1s adapted to evaporate a working,
medium of the thermodynamic cycle device by means of
heat from the process fluid; an expansion machine 30 for
expanding the evaporated working medium and for gener-
ating mechanical and/or electrical energy, for example by
means of an electrical generator 40; a condenser 50 for
liquetying the expanded working medium, 1n particular an
air-cooled condenser 50; and a pump 60 for pumping the
liquefied working medium to the evaporator.

The implementation of the nvention in 1ts simplest
embodiment according to FIG. 1 1s as follows. In evaporator
20, the hot process fluid with the process temperature
T, 0c.0uz 18 COOled to the target temperature 1, ,,,, while the
absorbed heat 1s used to evaporate the working fluid 1n the
ORC circuit. The live steam generated in this way 1s
expanded in the expansion machine 30, which can be used
to drive a generator 40, for example. The exhaust vapor 1s
liquefied 1n the condenser 50 and 1s then available 1n liquid
form at the pump 60. The pump 60 then returns the working
medium to the desired pressure. The device mn FIG. 1
replaces the previously used conventional air cooler of the
process 10 and generates additional useful power. As
explained above, however, the target temperature 1, _ .,
cannot be as low as without the ORC circuit due to the
additional circuit of the working medium. Furthermore, 1n
this first embodiment, the system 1s not capable of emer-
gency operation. This means that 11 the ORC system {fails,
the temperature T, _  , cannot be lowered, it cannot be
cooled.

Variant 2A—Parallel Interconnection

FIG. 2A shows a second embodiment 200 of the device
according to the mvention.

In this second embodiment 200 of the system according to
the invention, the cooler 70 (here an air cooler 70) 1s
additionally provided for cooling at least part of the process
fluid to be cooled. The system 200 comprises a branch 71,
which 1s exemplarily provided downstream of the outlet 11
and upstream of the inlet 21 with respect to a flow direction
of the process fluid, for dividing the process flmd to be
cooled 1nto a first and a second partial flow of the process

fluid, wherein the branch 71 in this example comprises a
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valve V. The system 200 turther comprises a junction 72,
which 1s provided downstream of the outlet 22 and upstream
of the 1nlet 12 with respect to a flow direction of the process
fluid, for merging the second partial flow of the process tluid
cooled by the condenser 70 and the first partial flow of the
process tluid cooled by the evaporator 20; wherein the
branch 71 1s adapted to supply the first partial flow to the
evaporator 20 and to supply the second partial flow to the
condenser 70. Thus, with respect to the tflow of the process
fluid, a parallel interconnection of the components (evapo-
rator 20, cooler 70), which extract heat from the process
fluid, 1s realized. In this case, the cooler 70 1s designed in one
structural unit with the condenser 50, and a common fan can
be provided for air cooling.

The interconnection as shown 1n FIG. 2A thus solves the
problem of the emergency operation characteristic. The
bypass option (via valve V) of the ORC circuit ensures
cooling 1n the event of failure of the ORC circuit. The target
temperature T, ,,, can be achieved by bypassing the ORC
circuit with a partial flow, cooling 1t directly 1n the air cooler
(e.g.: V-cooler, table cooler) and then mixing 1t again with
the partial flow from the ORC evaporator 20. The electricity
produced by the generator 40 1n the ORC circuit can be used
directly to supply the air cooler 70 (or the combination of
evaporator 30 and air cooler 70), thus significantly reducing
its electricity costs and increasing the efliciency of the cooler
70 (evaporator 50). In addition, with this connection 1t 1s
possible to always reach the target temperature 1, _ ...

FIG. 2B represents a variation of the embodiment accord-
ing to FIG. 2A 1n that the flow of ambient air does not pass
through the condenser 50 and the cooler 70 in parallel as 1n
FIG. 2A, but successively first through the cooler 70 and
then through the condenser 50.

This has the advantage of a compact design, with the
lowest air temperature at the cooler 70, so that a low
temperature of the process fluid can be achieved, while
cooling of the working fluid in the condenser 50 1s less
cllective.

FIG. 2C represents an alternative to the modification
according to FIG. 2B. Here, the sequence of cooler 70 and
evaporator 50 1s reversed with respect to the air flow, so that
the ambient air first flows through evaporator 50 and then
through cooler 70. As a result, the lowest air temperature 1s
present at the condenser 50, so that with the ORC circuit a
higher power generation via generator 40 1s possible.

In the modifications according to FIGS. 2B and 2C the
emergency operation capability described in relation to FIG.
2A 1s maintained.

Variant 2B—Serial Interconnection

FIG. 3 shows a third embodiment 300 of the device
according to the mnvention.

In the third embodiment, the cooler 70 1s located down-
stream of the outlet 22 of the evaporator 20 and upstream of
the inlet 12 of the heat-producing apparatus 10 with respect
to a flow direction of the process fluid for further cooling of
the process fluid cooled by the evaporator. This realizes a
series connection of the components (evaporator 20, cooler
70), which extract heat from the process fluid. In a modified
embodiment, a valve can be provided (similar to the embodi-
ment shown in FIG. 2) which only guides a part of the
process fluid over the cooler 70.

The process fluid/water return from the ORC evaporator
20 1s sent through the air cooler 70 to allow further cooling.
In a further development, the heat input to the air cooler 70
can be controlled by an intelligent control (e.g. with the aid
of the aforementioned valve) 1n order not to cool down any
further than necessary. The aim 1s to achieve the required
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T, 0c.i Without consuming electricity. This 1s shown in the
temperature-heat flow diagram according to FIG. 4 (T-Q
diagram).
If the cooling T1 achievable by the ORC cycle 1s above
a required limit, a lower temperature T can be achieved

DPFOZ, 0¥

by additional cooling by water or air in the downstream
cooler.

Variant 2C—Independent Interconnection

FIG. 5 shows a fourth embodiment 400 of the device

according to the mvention.
The fourth embodiment essentially corresponds to the
second embodiment as shown 1n FIG. 2, the difference being

that the cooler 70 1s provided separately from the condenser
50.

The advantage of this variant 1s that the ORC cooler (with
the components 20, 30, 40, 50, 60) and the air cooler
(emergency cooler) 70 can be operated completely indepen-
dently of each other and emergency cooling for the process
1s guaranteed even if the ORC cooler fails. In addition, the
systemic separation of the ORC cooler and the air cooler
facilitates easy integration into existing cooling systems.
After integration, the existing cooler functions as an emer-
gency cooler and the ORC cooler as an additional module
(“backpack module™) for retrofits or extensions.

Variant 3A—Parallel Interconnection 1n the Water Circuit

FIG. 6 shows a fifth embodiment 500 of the device
according to the mvention.

The fifth embodiment 1s essentially based on the second
embodiment according to FIG. 2.

According to the fifth embodiment, the system 500 for
thermal connection of the condenser 50 and the cooler 70a,
700, however, further comprises an intermediate circuit with
a heat transier tluid (here water), wherein the condenser 50
1s provided for transferring heat from the expanded working
medium to the heat transfer fluid and wherein the cooler 704,
700 1s provided for cooling the heat transfer fluid. From a
branch of the heat transfer fluid flowing from condenser 50
to cooler 70a, 706, for example, usetul heat can be dis-
charged to a useful heat device 80.

Version 3B—Senal Interconnection in the Water Circuit

FIG. 7 shows a sixth embodiment 600 of the device
according to the mvention.

The sixth embodiment 1s based on the third embodiment
as shown in FIG. 3 and has been modified analogous to the
fifth embodiment. The (chemical) composition of the heat
transier fluid 1s 1dentical to the composition of the process
fluad.

It 1s often diflicult to integrate air coolers (e.g. table
coolers) nto existing systems due to their large installation
area. The interconnection variants 3A and 3B reduce this
problem by inserting an additional heat exchanger 75 and a
DC link with a heat transfer fluid (e.g. water) between ORC
condenser 50 and cooler 70. Thus the installation locations
of the heat source and the cooler are decoupled from each
other and a great flexibility in the installation of the ORC
process 1s achieved. Furthermore, the intermediate water
circuit can supply other heat consumers. Variants 3A and 3B
can also be permuted with regard to the heat source and heat
sink.

Variant 4—Combination Cooler-Preheater-ORC

FIG. 8 shows a seventh embodiment 700 of the device
according to the mvention.

According to the seventh embodiment 700 of the system
according to the invention, a further heat exchanger 25 is
provided which (with respect to a flow direction of the
process fluid downstream of the evaporator 20) 1s provided

10

15

20

25

30

35

40

45

50

55

60

65

8

for transterring heat from the process fluid cooled by the
evaporator 20 to a heat transfer fluid.

The system comprises a valve 26 for controlling the mass
flow of the heat transfer flmd through the further heat
exchanger 25. Furthermore, and a temperature measuring
device 27 for measuring the temperature of the process fluid
downstream of the further heat exchanger 25 1s provided,
wherein the valve 26 1s controlled depending on the mea-
sured temperature.

In this embodiment 1t 1s possible to achieve a reduction of
the temperature 1,,,_;, to the same temperature level as
without ORC, by additionally using a partial flow of a cold
process medium to be heated (heat transfer fluid, 1n this case
water) for cooling. The heat 1s then removed 1n a first step
by the ORC circuit. The pre-cooled heat-transferring process
fluid then flows through the other heat exchanger 25 where
it 1s cooled down to the target temperature.

To set the target temperature, another partial flow of the
cold process medium to be heated can be added to the
process fluid in the direction of flow after the other heat
exchanger 25.

Variant 5—3-Stage Cooling of the Heat Supply Medium

FIG. 9 shows an eighth embodiment 800 of the device
according to the mnvention.

According to the eighth embodiment, a further evaporator
90 1s provided between the outlet 22 and the ilet 12 for
further evaporation of working medium by means of heat
from the process fluid. In addition, a throttle valve 91 for
lowering the pressure of the working medium 1n the further
evaporator 90 and a liquid jet pump 92 and/or a vapor jet
pump 93 are arranged between the further evaporator 90 and
the condenser 50 for lowering the pressure in the further
evaporator 90, wherein in particular a part of the liquefied
working medium or a part of the evaporated working
medium serves as a driving jet. This 1s realized by a 3-stage
cooling of the process tluid, as described below The drawing
shows both the design with the liquid jet pump 92 and the
steam jet pump 93. Usually only one of the two pumps 1s
provided. With the liquid jet pump 92, the lower line after
pump 60 1s required for the liquid jet pump 92, while 1n the
case of the vapor jet pump 93 the upper line 1s required for
the working medium evaporated 1n the evaporator 20.

1°* Stage: Normal Operation

After heat dissipation 1n the evaporator, the heat supply
medium 1s returned to the process to be cooled.

2"? Stage: Cooling Operation

A partial flow of the working medium i1s fed to the
evaporator 90 via the throttle valve (throttle) 91. The throttle
91 1s adjusted so that the pressure 1s approximately equal to
the pressure in the condenser 50. Due to the pressure
reduction, the working medium 1n the evaporator 90 evapo-
rates only minimally above the condensation pressure and
the condensation temperature of the condenser 50, thus
allowing the medium to be cooled down to a temperature
similarly low as the minmimum achievable temperature 1n a
direct heat exchanger from the medium to be cooled to air.
In this way, even 1f the cooling system 1is retrofitted with an
ORC system, 1t 1s possible to ensure that the required
temperatures of the medium to be cooled are maintained.

3" Stage: Throttling to a Pressure Below the Condenser
Pressure

A liquid jet pump 92 or a steam jet pump 93 causes the
pressure 1n the evaporator 90 to be reduced to a pressure
below the condensation pressure 1n the condenser 50, thus
even a lower boiling pressure than the condensation pressure
in the condenser 50 can be achieved. As a result, the working
medium 1s conveyed with very little energy input and raised
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again to the condensation pressure. An advantage here 1s that
the working medium only has to be pumped 1n low mass
flows and with a small pressure increase. Here, either a part
of the live steam or a part of the feed fluid serves as the
driving jet.

Variant 6—Extension by an ORC Module for Existing
Coolers/without Direct Condensation

FIG. 10 shows a ninth embodiment 900 of the device
according to the mnvention.

According to the tenth embodiment, the outlet 22 of the
evaporator 20 1s connected to the inlet 71 of the condenser
70, an outlet 72 of the condenser 70 1s connected to the inlet
51 of the condenser 50 and an outlet 52 of the condenser 50
1s connected to the mnlet 12 of the heat-producing apparatus
10. During operation, the process fluid 1s guided from the
evaporator 20 to the cooler 70 for further cooling, then
through the condenser 50 as a heat-absorbing medium and
again to the inlet 12 of the heat-producing apparatus 10.

This interconnection solves the problem of emergency
operation, because the cooler 70 1s operated independently
of the ORC circuit. Depending on the desired target tem-
perature, the ORC circuit extracts heat, the necessary cool-
ing capacity 1s reduced and the downstream fan 1s relieved,
which leads to a reduction 1n 1ts maintenance ntervals. This
variant 1s characterized by 1ts compactness (few compo-
nents) and synergy eflects of the common components. It
can be used well for the integration of existing cooling
systems. In addition to evaporation, condensation also takes
place 1n the ORC circuit against the fluid to be cooled (in the
other variants condensation takes place against the ambient
air).

Variant 7—Extension by an ORC Module for Existing
Coolers/with Direct Condensation

FIG. 11 shows a tenth embodiment 1000 of the device
according to the mvention.

This embodiment i1s similar to the ninth embodiment 900
as shown 1n FI1G. 10, the difference being in capacitor 50 of
the ORC circuit. In the variant 7 shown here, direct con-
densation takes place between ambient airr and ORC work-
ing medium. Due to structural adjustments of the heat
exchanger surfaces, the expansion of standard models 1n
industry 1s possible with little effort. The measure diflers
depending on the cooler model.

All vanants can be combined with each other as desired.

Advantages/Disadvantages of the System According to
the Invention:

Advantages can be mentioned as follows: Increase of
operational safety (2 independent cooling systems, ORC+
cooler); use of as many synergy components of cooler and
ORC as possible; low maintenance; very good economy
(saving of electrical energy); reduction of CO,-emission;
increase of efliciency (efliciency of the cooling process 1s
increased, synergy eflects between components). In addi-
tion, an existing cooler can be used to cool the ORC
condenser and with little design eflort, a process that
requires energy can be turned into an energy neutral or
energy generating process.

The disadvantage 1s that the addition of additional com-
ponents increases the complexity of the overall system (e.g.:
coordination of controls, additional costs, additional inter-
faces, . .. ).

The embodiments presented are only exemplary and the
complete scope of the present invention 1s defined by the
claims.

The 1invention claimed 1is:

1. A system for cooling a process tluid of a heat-producing
apparatus, comprising:
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an outlet of the heat-producing apparatus, the outlet being,
provided for discharging process fluid to be cooled
from the heat-producing apparatus;

an inlet of the heat-producing apparatus, the inlet being
provided for supplying cooled process fluid to the

heat-producing apparatus; and

a thermodynamic cycle device comprising:

an evaporator having an ilet for supplying the process

fllud to be cooled from the outlet of the heat-

producing apparatus and having an outlet for dis-

charging the cooled process fluid to the inlet of the

heat-producing apparatus, wherein the evaporator 1s

adapted to evaporate a working medium of the
thermodynamic cycle device by means of heat from
the process fluid;

an expansion machine for expanding the evaporated
working medium and for generating at least one
selected from the group consisting of mechanical and
clectrical energy;

a condenser for liquelying the expanded working
medium, wherein the condenser comprises an air-
cooled condenser:;

a pump for pumping the liquefied working medium to
the evaporator;

wherein the at least one selected from the group con-
s1sting of mechanical and electrical energy generated
by the expansion machine 1s used to drive a fan of the
air-cooled condenser; and

further comprising a cooler comprising an air cooler for
cooling at least part of the process tluid to be cooled,
wherein the cooler forms a structural unit with the
air-cooled condenser and the fan 1s common to both
the air-cooled condenser and the air cooler.

2. The system according to claim 1, further comprising:

a branch provided downstream of the outlet of the heat-

producing apparatus and upstream of the inlet of the
heat-producing apparatus with respect to a flow direc-
tion of the process fluid for dividing the process tluid to
be cooled 1nto a first and a second partial flow of the
process fluid, the branch comprising a valve; and

a junction provided downstream of the branch with

respect to a flow direction of the process fluid and

upstream of the inlet of the heat-producing apparatus
for merging the first and second partial flows of the
process fluid.

3. The system according to claim 2, wherein the branch 1s
adapted to supply the first partial flow to the evaporator and
to supply the second partial flow to the cooler, and wherein
the junction 1s adapted to merge the second partial flow of
the process tluid cooled by the cooler and the first partial
flow of the process fluid cooled by the evaporator.

4. The system according to claim 2, further comprising:

a cooler comprising an air cooler for cooling at least part

of the process fluid to be cooled,

wherein the junction 1s adapted to merge the first partial

flow of the process fluid cooled by the evaporator and

the second partial tlow of the process tluid; and wherein
the junction 1s adapted to supply the joined partial flows
of the process fluid to the cooler.

5. The system according to claim 1, wherein the cooler 1s
arranged downstream of the outlet of the evaporator with
respect to a flow direction of the process fluid and upstream
of the inlet of the heat-producing apparatus for further
cooling the process tluid cooled by the evaporator.

6. The system according to claim 1, further comprising a
control device for controlling the heat input 1nto the cooler,
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wherein a set temperature of the process fluid returned to the
inlet of the heat-producing apparatus can be achieved.

7. The system according to claim 1, wherein an interme-
diate circuit with a heat transter fluid 1s provided for thermal
connection of the condenser and the cooler, wherein the
condenser 1s provided for transferring heat from the
expanded working medium to the heat transfer fluid, and
wherein the cooler 1s provided for cooling the heat transier
fluad.

8. The system according to claim 7, wherein useful heat
1s removed from a branch of the heat transier flud flowing
from the condenser to the cooler to a usetul heat device.

9. The system according to claim 7, wherein a composi-
tion of the heat transfer fluid 1s 1dentical to a composition of
the process tluid.

10. The system according to claim 1, further comprising:

a second heat exchanger provided downstream of the
evaporator with respect to a tlow direction of the
process flud for transferring heat from the process flud
cooled by the evaporator to a heat transier tfluid.

11. The system according to claim 10, further comprising:

a valve for controlling the mass flow of the heat transier
fluid through the second heat exchanger;

wherein a temperature measurement device 1s provided
for measuring the temperature of the process fluid
downstream of the second heat exchanger, wherein the
control of the valve 1s eflected depending on the
measured temperature.

12. The system according to claim 1, further comprising:

a second evaporator between the outlet of the evaporator
and the ilet of the heat-producing apparatus for further
evaporation of working fluid using heat from the pro-
cess fluid;

a throttle valve for adjusting the size of a partial flow of
the working medium through the further evaporator;
and

a liquid jet pump or a vapor jet pump between the second
evaporator and the condenser for lowering the pressure
in the second evaporator, wherein a part of the liquefied
working medium or a part of the evaporated working
medium serves as a driving jet.
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13. A system according to claim 1, wherein the outlet of
the evaporator 1s connected to an inlet of the cooler, an outlet
of the cooler 1s connected to an inlet of the condenser, and
an outlet of the condenser 1s connected to the inlet of the
heat-producing apparatus, so that in operation the process
fluid 1s guided from the evaporator through the cooler for
further cooling, 1s subsequently passed through the con-
denser as a heat-absorbing medium, and 1s 1n turn subse-
quently guided to the inlet of the heat-producing apparatus.

14. The system according to claim 1, further comprising;:

a branch provided downstream of the outlet of the heat-

producing apparatus and upstream of the inlet of the
heat-producing apparatus with respect to a flow direc-
tion of the process fluid for dividing the process fluid to
be cooled into a first and a second partial tlow of the
process fluid, the branch comprising a valve; and

a junction provided downstream of the branch with

respect to a flow direction of the process fluid and
upstream of the ilet of the heat-producing apparatus
for merging the first and second partial tlows of the
process fluid.

15. The system according to claim 14, wherein the branch
1s adapted to supply the first partial flow to the evaporator
and to supply the second partial flow to the cooler, and
wherein the junction 1s adapted to merge the second partial
flow of the process fluid cooled by the cooler and the first
partial tlow of the process fluid cooled by the evaporator.

16. The system according to claim 14, wherein the junc-
tion 1s adapted to merge the first partial flow of the process
fluid cooled by the evaporator and the second partial flow of
the process fluid; and wherein the junction i1s adapted to
supply the joined partial flows of the process fluid to the
cooler.

17. The system according to claim 14, wherein an inter-
mediate circuit with a heat transfer fluid 1s provided for
thermal connection of the condenser and the cooler, wherein
the condenser 1s provided for transierring heat from the
expanded working medium to the heat transter fluid, and
wherein the cooler 1s provided for cooling the heat transier

fluid.
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